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The design of plasma diagnostis is a typial task to be resolved along the preparation of
fusion experiments. The design proess has to meet with requirements like highest auray
of measurements, high resolution, robustness and extensibility, as well as with onstraints suh
as aessibility or eonomi restritions. However, a general approah for diagnosti design
is laking. In this work a probabilisti ansatz based on the onsistent framework of Bayesian
probability theory will be disussed. First results for the multihannel interferometer at the
Wendelstein 7-X stellarator, part of the start-up diagnosti set [1℄, are shown.
Bayesian Experimental Design
The approah presented here is based on deision theory and was proposed by Lindley [2℄.
An appropriate utility funtion is hosen rst reeting purpose and osts of an experiment.
For the quantiation of the utility of a set-up the Kullbak-Leibler distane U
KL
is used as a
measure for the information gain from the experiment. It ompares the knowledge - or better:











Probability density funtions P are used to enode unertainties. The onditional probability
P(f |D) means the probability that f is true given the data D. The utility funtionU
KL
depends
both on the data D and the design parameters h whih are the optimization parameters.
An integration over the range of expeted data, where the evidene of the data is represented






only a funtion of the design parameters h . It is a measure of the mean information gain from
the data, averaged over the expeted data spae.
The priniple of Bayesian diagnosti design is the maximization of the EU with respet to





33rd EPS Conference on Plasma Phys. Rome, 19 - 23 June 2006 ECA Vol.30I, P-2.126  (2006)
the EU is given by
EU(h) =
∫ ∫






This formulation uses the likelihood P(D|f , h) and a probability density funtion P(f)whih
reets the range of interest and weighting for f .
The likelihood an be regarded as a representation of a diagnostis model. It ontains the
forward alulation, whih an be understand as a virtual diagnosti, and the error statistis
of the data to be measured. The expeted utility is now a funtion of the design parameters h
only and is subjet of optimization studies [3℄.
Multihannel interferometer at W7-X
An interferometer measures the line integrated eletron density of a plasma by deteting the
phase shift of a probing laser beam. It has been shown that the error statistis of the measurement
has ruial impat on the expeted utility [4℄. For the examples presented here, a onstant error
(noisy bakground) is hosen whih is in the order of a few perent of typial interferometer
data, depending on the atual data value.
Figure 1: Optimized hords for interferometer at W7-X (toroidal angle 195
◦
, upper row) and expeted utility
(lower row) for estimation of maximum density (a), gradient position (b), steepness () and bulge (d). The data
spae is generated by a variation of (a) f
1
= 0 . . .5× 1020m−3, (b) f
2
= 0.6 . . .0.95, () f
3
= 1 . . .30 and (d)
f
4
= −1 . . .0. The insets in the upper row show the orresponding density prole variation where the maximum
ordinate is n
e
= 1×1020m−3 and the absissas are effetive radii (r
e f f
/a).
For the reation of virtual data, the parametrized density funtion
























represent the maximum density, position of the edge gradient,
steepness and bulge of the density distribution.










(lower row) whih represent the starting and end point of a hord on a
irumventing irle around the plasma (upper row).
The results indiate the different impat of shaping. The optimal beamline represents the
maximum signal-to-noise ratio (SNR) hord for the respetive parameter. For the estimation of
maximum density (Fig. 1(a)) a beam traversing the plasma enter yields best SNR. Sine the
effets of the other parameters are most distint at the plasma edge, the resulting reonstrution
has maximum information gain for sightlines traversing the edge region.
Figure 2: Optimization of two independent beamlines (a) and om-
bined design (b). Optimization target: estimation of the position of the
largest density gradient and the steepness of the density distribution.
The result also shows a simi-
lar beamline for the estimation of
steepness and bulge of the density
distribution (1 () and (d)). This is
different if more than one beam-
line is optimized in one step. Fig-
ure 2 shows the result of the om-
bined optimization of two beam-
lines. Optimization target was the
estimation of the position of the
largest gradient and steepness of
the density distribution. Both parameters are not independent of eah other, the steepness of the
density deay is best measured in the region of the largest gradient. The ombined optimization
led to a slightly different result ompared with the single beam optimization.
To analyze orrelations between the parameters of t funtions, parametrized density fun-
tions will be replaed by distributions from preditive transport alulations [5℄. This also offers
the possibility to design with respet to derived quantities like the radial eletri eld as a design
riterion.
Additional design riterions are provided by tehnial boundary onditions like restrited
aess to the plasma vessel. Fig. 3 indiates aessible hords in gures of the parametrization
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hosen.
The effet of the tehnial restritions an be quantied and ompared to ideal aess. A
translation of the expeted utility to measurement unertainties is straightforward but depends
on the forward funtion of the virtual instrument.
Conlusion and outlook
Figure 3: Restrited aess
(lightened areas) to the plasma
due to port system in EU plot for
the gradient position ase.
Bayesian diagnostis design is applied on plasma diagnostis.
The design allows for a quantiation of design onsiderations and
estimates for their robustness. The reonstrution of density pro-
les by means of a multihannel infrared interferometer at Wen-
delstein 7-X shows how measuring apabilities an be deteted
and ompliated entanglements of measurement and geometry re-
vealed. The impat of tehnial boundary onditions an be quan-
tied as well as the information gain by the inlusion of additional
hords.
The ombined optimization of many beamlines will be extended
to four and eight hords. To avoid restritions given by the lass of
parametrized funtions, preditive alulations for transport modeling will be used to estimate
expeted density distributions.
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